OBJECTIVES: To evaluate the long-term effect of perioperative myocardial infarction (PMI) on outcomes and health-related quality-of-life (QOL) after coronary artery bypass grafting (CABG).
INTRODUCTION
Perioperative myocardial infarction (PMI) is a well-known cause of morbidity and mortality after coronary artery bypass grafting (CABG) surgery. The reported incidence of PMI is dependent on the diagnostic criteria used and varies widely. Clinically, a diagnosis of PMI is most often based on the appearance of new Q waves on the postoperative electrocardiogram (ECG) and on biochemical markers of myocardial injury; creatine phosphokinase isoenzyme MB (CK-MB), and more recently troponin-I and troponin-T. Current myocardial protection techniques allow the coronary bypass patient to leave the operating theatre without significant perioperative decrement in myocardial performance. Progress in surgical technique, in anaesthesia and in postoperative care has also improved the results of CABG. At the same time, however, the profile of patients undergoing CABG has altered towards higher age with frequent preoperative comorbid conditions and increased postoperative morbidity [1] [2] [3] [4] . Since life expectancy in this group of patients is limited by natural factors, the gain in added life years achieved by operative treatment is likewise limited. Quality-of-life (QOL) thus becomes a pertinent issue as providers and consumers of healthcare debate on the benefits to be gained from expensive medical and surgical interventions. Although risk factors for PMI during CABG have been described [5] , there are only limited data on its clinical consequences [6, 7] and the subsequent health-related QOL of patients with PMI, especially in a long term.
The main purpose of this long-term follow-up study was to assess the impact of PMI on survival and health-related QOL following CABG. Furthermore, 1-year and 12-year symptomatic status were evaluated.
MATERIALS AND METHODS
Data were obtained from Tampere University Hospital between 2 May 1999 and 20 November 2000. The study was approved by the institutional review board of Tampere University Hospital and each patient gave written informed consent to participate. The total number of patients undergoing CABG in our institution during the study period was 1128. The cohort comprised at first 508 patients who underwent isolated CABG electively or urgently. Seven patients were excluded from the analysis by reason of an acute myocardial infarction within the 7 days preceding surgery.
Three hundred and ninety-nine (80%) of the final 501 procedures were performed electively and 102 (20%) urgently. All emergently operated patients and those with very high age were in some instances unable to fill in the comprehensive baseline self-report data and were thus excluded.
There were 415 (83%) male patients in the sample. The age range was from 36 to 87 years (median 63). Four hundred and forty-seven (89%) patients underwent bypass grafting via sternotomy incision with cardiopulmonary bypass (CPB; on-pump) and 54 (11%) were operated on without CPB (off-pump). Antegrade and retrograde cold blood cardioplegia were used for myocardial protection. In off-pump cases, commercially available retractor and stabilization systems (Octopus®, Medtronic, Inc., Minneapolis, MN, USA and CTS®, Cardio-Thoracic Systems, Inc., Cupertino, CA, USA) were used during the construction of anastomoses.
Definition of perioperative myocardial infarction
The criteria of PMI included significant new ECG Q waves in at least two adjacent leads (>0.04 s in duration with a depth of at least one-third of the height of the R wave in the same QRS complex) or CK-MB >75 IU/l in one of three serial postoperative samples. 12-lead ECGs were routinely taken on the day before surgery, 4 h postoperatively, on the first 2 postoperative mornings, on the fourth postoperative day and at other times if clinically indicated, and they were reviewed by a cardiologist. Myocardial enzymes were measured postoperatively at 6 and 18 h (or more frequently if clinically indicated). PMI was defined as infarction occurring within 7 days of surgery.
Data collection
During the primary hospital stay, a comprehensive preoperative, perioperative and postoperative medical data body was collected. Most patients were discharged postoperatively to the local district hospital. The data from these 18 secondary discharge hospitals were collected by referring physicians and sent to the first author (O.J.) for analysis. All outcome events and complications were recorded for joint analysis with the primary hospital data. Statistics Finland provided causes and dates of death after discharging and survival data for age-, sex-and hospital-catchment-area-matched controls (3:1).
Assessment of health-related quality-of-life
All assessments were made preoperatively and repeated 1 year and 12 years later. The baseline self-report questionnaire was given to the patients the day before surgery. The follow-up questionnaire covering the same measures was mailed the first time to the participants 1 year after the operation. Next time, the same follow-up questionnaire was mailed to the participants 12 years after the operation.
We used the Finnish adaptation of the RAND-36 generic health-related QOL scale, for which age-and sex-matched reference values are available for the Finnish population [8] . The RAND-36 is a widely used and validated scale that yields scores for eight dimensions of health-related QOL: (i) general health, (ii) physical functioning, (iii) role functioning/physical, (iv) bodily pain, (v) emotional well-being, (vi) role functioning/emotional, (vii) social functioning and (viii) energy [9, 10] . The scores for each domain range from 0 to 100, 0 being the poorest and 100 the best possible health status. To reduce the number of outcome variables, two summary scores can also be used: the physical component summary (PCS) corresponds to the mean value of the physical subscales (1) (2) (3) (4) , while the mental component summary (MCS) equals the mean value of psychic subscales (5-8) [11] [12] [13] . The RAND-36 first item for 'general health' can also be used separately [9] . Preoperative and 1-year as well as 12-year postoperative functional capacity was ranked according to the New York Heart Association (NYHA) classification.
Statistical analysis
Patient and outcome variables are expressed mainly as a percentage of the total. Categorical variables between the PMI and no-PMI groups were compared using χ 2 test when all expected cell frequencies were >5. Continuous variables were compared by independent samples t-test for variables with normal distributions and Mann-Whitney test for variables with non-normal distributions. Baseline and follow-up variables were compared using paired-samples t-test and inter-group differences were analysed by independent samples t-tests. Putative predictors of decreased QOL scores (general health) were taken for binary logistic regression analysis to investigate their independency as predictors. Results are presented as odds ratios (ORs) with 95% confidence intervals (CIs). The Kaplan-Meier survival curves (10 years) are shown for PMI and no-PMI patients, and survival for matched controls are given. Statistical analyses were performed using SPSS 20.0 for Windows.
RESULTS
Compared with the 501 included patients, the excluded ones proved to be older (median age 68 vs 63 years, P < 0.001), less often men (65 vs 83%, P < 0.001), had a higher EuroSCORE risk sum (median 4 vs 2, P < 0.001) and were more often operated on urgently (47 vs 20%, P < 0.001).
Eighty patients (16%) were diagnosed with PMI. The distribution of postoperative peak CK-MB values among patients with Q-wave and non-Q-wave PMI is shown in Fig. 1 . Preoperative patient 
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O. Järvinen et al. / Interactive CardioVascular and Thoracic Surgerycharacteristics and intraoperative data for PMI and no-PMI groups are given in Table 1 . When compared with the initial preoperative coronary angiogram, main target vessel revascularization was achieved in 91.3% of PMI and 95.3% of no-PMI cases. The use of combined antegrade and retrograde cardioplegia vs antegrade cardioplegia alone did not differ significantly between the PMI (81 vs 19%) and no-PMI (77 vs 23%) groups.
Thirty-day mortality was statistically significantly associated with PMI; 5 (6.3%) deaths occurred in the PMI group and 4 (1.0%) in the no-PMI group (P = 0.001). During the later follow-up period up to 1 year, only 1 additional death occurred in the PMI group (1.3%) as against 6 (1.4%) in the no-PMI group. Thus, the total 1-year survival rates were 92.5% for PMI and 97.6% for no-PMI (P = 0.017) groups. Fifty-seven percent of the deaths in the PMI group and 50% in the no-PMI group were directly attributable to cardiac-related factors.
The 10-year Kaplan-Meier survival curves are shown in Fig. 2 . The PMI showed no significant effect on subsequent mortality. During the follow-up after 1 year up to 10 years, 16 additional deaths occurred in the PMI group (21.6%) as against 75 (18.2%) in the no-PMI group. Thus, 10-year survival rates for PMI and no-PMI groups were 72.5 and 79.8%, respectively (P = 0.103). Patients with PMI had slightly lower, whereas those without PMI slightly higher 10-year survival than age-, sex-and hospitalcatchment-area-matched controls (76.8%).
There was a slight and, in most instances, non-significant tendency towards more adverse events among the PMI patients. Supported ventilation time (median 15.9 vs 14.1 h, P < 0.003) and the median length of intensive care unit stay (2.0 vs 1.0 days, P < 0.001), however, were significantly longer in the case of PMI patients. The occurrence of stroke, on the other hand, was lower in these patients. In general, a great majority of both PMI patients (86%) and those without PMI (92.6%) had a favourable outcome without any major complications (P = 0.059), including death, stroke, mediastinitis, need for dialysis and severe cardiac failure or ventricular arrhythmia.
Four hundred and fifty-eight (94.4%) of the 485 surviving patients returned the 1-year follow-up questionnaire, the mean time of follow-up being 12.6 (standard deviation (SD) 1.2) months. Compared with the 458 patients who completed the form, those 27 patients who did not were younger (median age 54 vs 63 years, P = 0.006). However, there were no significant differences in the majority of variables, including sex, EuroSCORE risk sum, priority of operation or NYHA class. Two hundred and ninety-six (83.6%) of the 354 surviving patients returned the 12-year follow-up questionnaire, the mean time of follow-up being 11.8 (SD 0.48) years. Those who did not completed the form were an average 3 years older (median age, 73.2 vs 70.3 years, P = 0.390). Otherwise, the variables between the groups were closely equal.
The RAND-36 baseline scores between the groups were closely similar, being in the PMI group slightly higher in five and slightly lower in three of the eight RAND-36 dimensions (Table 2) . PMI patients evidenced depressed preoperative health status in seven of the eight dimensions of the RAND-36 and no-PMI patients in all the eight dimensions when compared with the age-and sexmatched general Finnish population (these baseline reference values not shown in the table). One year after the surgery, all health scores improved among the patients without PMI. In PMI patients, positive changes were seen in all but one RAND-36 dimension (general health). In the 12-year follow-up, general decline tendency in the scores was seen. When compared with the baseline scores, PMI patients still maintained a significant improvement in four and no-PMI patients in seven of the eight RAND-36 dimensions. Group difference was statistically significant in one dimension (general health, P = 0.004) indicating poorer performance for PMI patients in the follow-up. Twenty-one PMI patients (49% of the responders) and 100 no-PMI patients (40%) in fact showed a small negative change in their general health scores at the 12-year follow-up. Binary logistic regression analysis revealed patients with higher age (OR 2.17, 95% CI 1.24-3.79, P = 0.006) and those with new-onset atrial fibrillation (OR 1.88, 95% CI 1.04-3.41, P = 0.036) to be in risk of this adverse change in the general health scores at 12 years after CABG. A highly significant (P < 0.001) improvement was seen in the RAND-36 MCS and PCS scores in the no-PMI group 1 year after CABG (Fig. 3) . PMI patients improved also significantly (P = 0.036 for MCS and P < 0.001 for PCS) although the magnitude of change in the PMI when compared with no-PMI patients was lower in both score categories. Group difference between the PMI and no-PMI patients was significant in PCS (P = 0.004) indicating a more pronounced improvement for the no-PMI group. In the 12-year follow-up, a decrease tendency in the scores was seen. Patients with no PMI still maintained a highly significant improvement (P < 0.001) in both score categories when compared with the baseline status. PMI patients also maintained significant improvement in PCS scores (P = 0.004), whereas their improvement in MCS remained non-significant (P = 0.53). In all, 61.9% of the PMI patients and 75.6% of those without PMI had a positive change in their PCS scores in the long term, while the corresponding figures for MCS scores were 56.4 and 69.8%, respectively.
Eighty-six percent and 87% of the PMI and no-PMI patients, respectively, had improved by at least 1 NYHA functional class 1 
O. Järvinen et al. / Interactive CardioVascular and Thoracic Surgeryyear after the operation. After the 12-year follow-up, the corresponding proportions were very similar: 75.6 and 81.4%, respectively. Finally, after the whole follow-up, 7.3 and 10.7% of the patients in these groups, respectively, were in NYHA functional class III or IV, which is very close to the situation after 1 year (9.9 and 10.4%, respectively).
DISCUSSION
There were certain limitations in this study. First, all emergency treatment patients and some of those who were otherwise unable to complete the baseline survey prior to CABG had to be excluded. This selection limits the interpretation of our results mainly to electively and urgently operated patients. Secondly, our institution lacked routine troponin measurement in the determination of PMI at the beginning of the study period. An increased concentration of CK-MB alone is a sensitive but not very specific criterion. The requirement of the presence of pathological Q waves to indicate myocardial infarction increases specificity but has a lower sensitivity. Our definition of PMI thus included the ECG and/or CK-MB enzyme criteria, but we lacked the systematic data on new wall motion abnormalities postoperatively because echocardiography was used only when clinically indicated.
Thirdly, it is difficult to estimate the clinical relevance behind the significant change of the QOL scores. Finally, the natural course of the QOL during the long follow-up period may be descending, which makes statistical measurements of the changes difficult to interpret. We have earlier reported the impact of PMI on health-related QOL after CABG in a 1-year follow-up [14] . As far as the authors know, this is the first time that a comprehensive, properly validated QOL instrument has been used for this purpose in a longterm follow-up. We chose the Finnish adaptation of the RAND-36 generic health-related QOL scale, for which there are age-and sex-adjusted reference values available for the Finnish population [8] . This generic health-related QOL measure has previously been widely used to evaluate health status in general population surveys, to determine the effectiveness of medical treatments in patients with angina [15] , and also more recently to evaluate the impact of mitral valve [16] and CABG surgery [14, 17, 18] on patients' QOL. Our study included individuals entering CABG in a geographically well-defined area where our institution was the only provider of cardiac operations. All assessments were made preoperatively and repeated 12 months and 12 years later. The follow-up of the study cohort was complete in 95 and 84% of the alive patients at 1 year and 12 years, respectively, and except for younger age at the 1-year follow-up, no other significant differences were found between the non-responders and responders in preoperative clinical characteristics. Therefore, the conclusions well represent our cohort and non-response bias is not likely to affect the comparisons much. All the relevant medical and clinical variables were carefully recorded for common analysis with QOL data, and our data also included events in the secondary referral hospitals, which is important, since only 2.4% of the patients were discharged directly home. We also got the survival data for age-, sex-and hospital-catchment-area-matched controls (3:1) from Statistics Finland.
Our main interest was currently focused on the PMIs impact on subsequent health-related QOL. However, this called for evaluating first the possible differences in patient characteristics and also early postoperative adverse events between PMI and no-PMI patients. Preoperative patient characteristics and intraoperative data for PMI and no-PMI groups did not differ much. PMI patients needed longer ventilatory support and longer intensive care unit stay, but in other respects PMI was not significantly associated with early adverse events. In our previous report derived from the same study cohort [14] , we showed that the long CPB time proved to be a relatively powerful independent predictor of PMI, whereas the effect of advanced age was less markedly associated with PMI. The influence of CPB time on outcomes may reflect both problems encountered during revascularization and the time-related influence of CPB on the human body and the myocardium.
We have previously reported PMI, redo surgery and subnormal ejection fraction to be independent predictors of 30-day mortality in this series [14] . However, PMI showed no effect on subsequent mortality 1 year or 12 years after CABG. This is in line with the earlier findings of groups under Brasch et al. [6] and Chaitman et al. [19] , who showed no effect of new perioperative Q waves on long-term survival.
Importantly, the RAND-36 baseline scores were well comparable between the PMI and no-PMI groups. After 1 year, all the health scores (except 'general health' in the PMI group) improved in both groups, but the magnitude of the changes was smaller among the patients with PMI. During the later follow-up, a general decline tendency in the scores was seen. Still, when comparing the baseline and 12-year scores, PMI patients maintained a significant improvement in half and no-PMI patients in almost all of the RAND-36 dimensions. Both groups also evidenced with higher 12-year scores when compared with the age-and sexadjusted population-based reference values. This is a good result, because the natural course of the QOL during a prolonged followup after CABG might be descending. There are a number of factors other than the surgery that can influence chances in QOL in these years. These findings of the long-term results are also in accordance with the earlier findings of Herlitz et al. [20] who extended their follow-up until 15 years.
A tendency towards a significant but still less marked 1-year improvement among PMI patients was also seen in the psychosocial (MCS) and physical (PCS) component summaries of the QOL. There is no obvious explanation for this finding. We found only one previous study including a QOL analysis of patients sustaining PMI after cardiac surgery [7] . The study in question, however, included only 42 PMI patients, and the authors used an unvalidated QOL instrument with no baseline values for comparison with postoperative findings. They found no differences in 24-month postoperative QOL between those who suffered PMI and those who did not. In our 12-year follow-up, both patient groups maintained improvement in their MCS and PCS summary scores, although the PMI patients showed a slightly deeper decline tendency in their MCS scores.
Incomplete revascularization, if involved, may reflect in recurrent ischaemia and pain after CABG, but the two groups in our study achieved almost equal main target vessel revascularization. Freedom from anginal symptoms at 1 year as well as 12 years was closely similar in the two groups. NYHA class is based on patient interview and was also reported by the patients in our study; however, we were not able to confirm that symptoms experienced were attributable solely to myocardial ischaemia.
To conlude, PMI increases 30-day mortality but, interestingly enough, shows no effect on later mortality and is not significantly associated with other early adverse events. Our results suggest that PMI has a negative impact on health-related QOL 1 year after CABG but this effect is only minor in the long term. The report from the Tampere group [1] states that patients undergoing coronary artery bypass grafting (CABG) diagnosed with perioperative myocardial infarction (PMI) have a tendency towards a significant improvement in the mental component summary (MSC) and physical component summary (PSC) scores of quality of life (QoL) in short-and long-term follow-up. Previous studies have indicated that preoperative education has a positive effect on the knowledge of patients [2] , and that it is an important component in the care of patients undergoing CABG which can improve QoL in these patients [3] .
For a more meticulous analysis of the topic, at this point it could be useful to describe the results of our study which was undertaken to assess the positive effects of health education on knowledge and attitude in bypass surgery patients, and consequently on QoL. In our study we included 160 CABG patients (80 experimental, 80 control); all attended the University Hospital Centre from January 2010 to December 2012 for CABG. Experimental patients were counselled (face-to-face) in six meetings and then received a booklet 3-5 days before CABG. The booklet contained information on tests and procedures, actions that would be expected of patients postoperatively, e.g. deep breathing and coughing, sensations that might be experienced such as pain, and facts about heart, atherosclerosis and the operation. All participants were followed-up for one year.
There was no significant difference between the two groups in total mean QoL before education, but there was a significant difference in total mean QoL one month post educational intervention between the experimental and control groups (SF-36 questionnaires) in favour of the former. The results of the study show a positive effect of health education on knowledge and attitude in bypass surgery patients. Significant improvements in quality of life between the two groups, as measured by the SF-36, were seen in physical function, role limitations resulting from emotional status, role limitations resulting from physical status, mental health, vitality and total average quality of life. The findings demonstrate that health education results in improved quality of life for patients with CABG.
Patient education comprises all educational activities directed at patients, including aspects of therapeutic education, health education and clinical health promotion [4] which can improve knowledge and skills [3] . Education of patients with a chronic disease and improving quality of life in these patients is receiving growing attention [5] . According to our study, health education can improve health and quality of life in patients undergoing CABG.
Hence, efforts need to be made by both the surgical team and the community teams to try to provide early coordinated care for PMI patients, to improve their quality of life and help them lead a less dependent lifestyle in the community setting.
We hope that our additional results will reinforce and clarify the conclusions suggested by the authors.
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